
OverviewOverview--SAGESAGE

•• PrinciplesPrinciples

•• Methodological outlineMethodological outline
•• Analytic strategiesAnalytic strategies

•• Strengths and limitationsStrengths and limitations

•• Examples of applicationsExamples of applications



SAGE: Serial Analysis of SAGE: Serial Analysis of 
Gene ExpressionGene Expression

•• Simultaneous and quantitative comparison Simultaneous and quantitative comparison 
of geneof gene--specific sequence tags.specific sequence tags.



SAGE: PrinciplesSAGE: Principles
•• No prior knowledge of genes expressed (The No prior knowledge of genes expressed (The 

hypothesis is that there is no hypothesis).hypothesis is that there is no hypothesis).
•• mRNAsmRNAs represented by short (9 to 13 represented by short (9 to 13 bpbp) ) 

sequecnce sequecnce tagstags
•• Concatenation of the tags for efficient Concatenation of the tags for efficient 

sequencingsequencing
•• Amplification structured to avoid distortionAmplification structured to avoid distortion



SAGE: MethodologySAGE: Methodology
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SAGE: MethodologySAGE: Methodology

SequenceSequence
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SAGE: MethodologySAGE: Methodology
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SAGE: Data outputSAGE: Data output
SAGE Tag Exp1 Exp2

ATAATACATA 249 469
AAAAAAAAAA 43 128
AGGACAAATA 144 25
ATACTGACAT 502 612
GCTGCCCTCC 1138 670
CTATCCTCTC 613 707
AGGAGGACTT 180 63
AGCAATTCAA 318 146
ATAATACAAA 10 46
TAGATATAGG 94 22
CAAACCTCCA 68 12
GAAAAAAAAA 26 60



How many tags?How many tags?

Cell, 1997



Genes in Normal KidneyGenes in Normal Kidney
•• GACTTCACGCCGACTTCACGCC

Mouse kidney androgen-regulated protein
•• CTATTCCTCTCACTATTCCTCTCA

Plasma glutathione peroxidase
•• TGTAGCCTCATTGTAGCCTCAT

Na+/K+ ATPase γ chain
•• GGCCTTACTTCGGCCTTACTTC

Na+/Pi transporter

Am.J.Physiol.279: F383, 2000



What makes a tag reliable?What makes a tag reliable?
•• Tag should be 3’Tag should be 3’--adjacent to the 3’adjacent to the 3’--

most most NlaIII NlaIII (CATG) site(CATG) site
•• Matches a well characterized Matches a well characterized 

cDNAcDNA. . ESTs ESTs with a with a polyA polyA signal or signal or 
tail are next most reliabletail are next most reliable

CONFIRMATION CRITICALCONFIRMATION CRITICAL





+ 20 other clusters



SAGE: Data analysisSAGE: Data analysis

http://www.http://www.cmbicmbi.kun..kun.nlnl/usage//usage/
bin/login.bin/login.cgicgi

USAGEUSAGE

Email: Email: ehmehm@@umichumich..eduedueSageeSage

Email: j.m.Email: j.m.ruijterruijter@@amcamc..uvauva..nlnlP valueP value

igsigs--server.server.cnrscnrs--mrsmrs..frfr//P valueP value

www.www.ncbincbi..nihnih..govgov/SAGE/SAGESAGEmapSAGEmap

www.www.sagenetsagenet.org.orgSAGE300SAGE300

ResourceResource Contact InformationContact Information



ExamplesExamples



Expression profile from Expression profile from 
normal mouse kidneynormal mouse kidney

•• Analyses of 3,868 tags yielded 1,453 unique kidney Analyses of 3,868 tags yielded 1,453 unique kidney 
transcripts:transcripts:

42% had known function42% had known function
35% 35% ESTsESTs
23% were unknown23% were unknown

•• Genes that regulate normal renal physiology Genes that regulate normal renal physiology 
accounted for 19% of all tag sequences.accounted for 19% of all tag sequences.

•• Transcripts encoding proteins which limit tissue Transcripts encoding proteins which limit tissue 
injury were expressedinjury were expressed..

El-Meanaway et al, Am.J.Physiol.279: F383, 2000.



Comparison of Comparison of mRNA mRNA 
frequenciesfrequencies

Comparison of Comparison of mRNAmRNA expression expression 
profiles from kidneys of normal profiles from kidneys of normal 
mice and mice with kidney disease mice and mice with kidney disease 
will identify chronic renal disease will identify chronic renal disease 
genes.genes.



SAGE: ResultsSAGE: Results

•• 49,588 tags comprising 20,594 49,588 tags comprising 20,594 
unique genes in the kidney unique genes in the kidney 
transcriptometranscriptome

•• Over 5,000 genes expressed at a Over 5,000 genes expressed at a 
level of level of >> 2 copies2 copies

•• 5,521 not in public databases5,521 not in public databases



SAGE: Statistical analysisSAGE: Statistical analysis

•• Differential expression:Differential expression:
∗∗ 238 genes differentially 238 genes differentially 
expressed at p < 0.05expressed at p < 0.05

∗∗ 63 genes differentially 63 genes differentially 
expressed at p < 0.01. Of these expressed at p < 0.01. Of these 
25 25 underexpressed underexpressed in kidneys in kidneys 
of ROPof ROP--Os/+ miceOs/+ mice



SAGE: Gene networksSAGE: Gene networks

Pubgene, Nature Genetics, 2001; 
www.pubgene.uio.no



SAGE: Summary

•• AdvantagesAdvantages
ComprehensiveComprehensive
QuantitativeQuantitative
Can be done in a small labCan be done in a small lab
Modifications for small samples, Modifications for small samples, 
to reduce frequency of to reduce frequency of 
nonunique nonunique tagstags



SAGE: Summary
•• DrawbacksDrawbacks

LaborLabor--intensiveintensive
ReplicationReplication
Analytic tools limitedAnalytic tools limited
Need to identify genes encoding tags; Need to identify genes encoding tags; 

unknowns a particular problemunknowns a particular problem
Is a tag sequence unique for its gene?Is a tag sequence unique for its gene?
Sampling errorSampling error
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